Introduction: This study compared the clinical and economic outcomes of long-term use of liraglutide versus sitagliptin for the treatment of type 2 diabetes (T2DM) in real-world practice in the USA. Methods: We identified adult patients (C 18 years old) with T2DM who initiated liraglutide or sitagliptin in 2010-2014 using a large claims database. Quarterly glycemic control measures and annual healthcare costs were assessed during the 1st and 2nd years of persistent medication use. Their associations with medication use (liraglutide or sitagliptin) were estimated using multivariable regression models adjusted for patient demographic and clinical characteristics.
Results: A total of 3113 patients persistently used liraglutide (N = 493) or sitagliptin (N = 2620) for C 1 year [mean age (standard deviation, SD): 53 (8.5) vs. 56 (9.7) years; 48.3% vs. 62.3% males; both p \ 0.05]; 911 (including 113 liraglutide users) were persistent users for C 2 years. During the 1st-year follow-up, liraglutide users (versus sitagliptin users, after adjustment) experienced larger glycated hemoglobin (HbA1c) reductions from baseline (ranging from 0.34%-point in quarter 1 to 0.21%-point in quarter 4); higher likelihoods of obtaining HbA1c reductions of C 1%-points or C 2%-points [odds ratios (ORs) range 1.47-2.04]; and higher likelihoods of reaching HbA1c goals of \ 6.5% or \ 7% (ORs range 1.51-2.12) (all p \ 0.05). Liraglutide users also experienced HbA1c reductions from baseline in the 2nd-year follow-up (0.53-0.33%-point, all p \ 0.05). Although liraglutide users incurred higher healthcare costs than sitagliptin users during the 1st-year follow-up, they had $2674 (per patient) lower all-cause medical costs (adjusted cost ratio: 0.67, p \ 0.05) and similar total costs (all-cause and diabetes-related) in the 2nd year. Conclusion: Long-term use of liraglutide for 1 or 2 years was associated with better glycemic control than using sitagliptin. Savings in medical costs were realized for liraglutide users during the 2nd year of persistent treatment, which offset differences in pharmacy costs. Funding: Novo Nordisk Inc.
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INTRODUCTION
Diabetes is an emerging global epidemic-this chronic metabolic condition affected 1 in every 11 adults worldwide in 2017 and 9.4% of the US population in 2015 [1, 2] . Diabetes can lead to many micro-and macrovascular complications [3] and accounted for 10.7% of global all-cause mortality among people 20-79 years old [2] . Diabetes was estimated to cost $727 billion (US dollars; USD) in 2017, responsible for 6-16.6% of total healthcare expenditures worldwide [2] . About half of the global diabetes budget is spent in the US, where patients with diagnosed diabetes on average spend about $13700 on medical services annually, which is about 2.3 times higher than that spent by people without diabetes [1] .
Type 2 diabetes mellitus (T2DM), characterized by high blood glucose in the context of insulin resistance and relative insulin deficiency, accounts for approximately 90% of all diabetes cases [4] . Due to the progressive nature of diabetes, the initiation of pharmacologic agents is recommended at the time of diagnosis of T2DM, along with lifestyle modifications such as diet and exercise to achieve glycemic control [5] [6] [7] . With metformin as the preferred 1st-line therapy, additional anti-diabetic drugs are often considered and, as recommended by the American Diabetes Association (ADA), patient's history of atherosclerotic cardiovascular (CV) disease plays a key role in the selection of the add-on therapy [5] .
Liraglutide, which belongs to the class of glucagon-like peptide-1 (GLP-1) receptor agonists, is a commonly used anti-diabetic therapy. It was shown to reduce the risk of major adverse CV events in a recent clinical trial [8] , and it is currently the only agent in its class that has been approved to reduce the risk of major adverse cardiovascular events (cardiovascular death, nonfatal MI or nonfatal stroke) in adults with T2DM and established cardiovascular disease [5] .
The efficacy and safety of liraglutide for the treatment of T2DM has been extensively studied in clinical trials. Liraglutide demonstrated superior glycemic control, greater weight loss, and better treatment satisfaction after 52 weeks as an add-on to metformin compared with another incretin-based therapy, sitagliptin [a dipeptidyl peptidase-4 (DPP-4) inhibitor] [9] . The findings were consistent with those observed at a shorter follow-up period [10] [11] [12] , while gastrointestinal problems were common adverse reactions to liraglutide [13] . Based on data from the clinical trials, the annual mean cost per patient was estimated to be $5103-$6523 (2012 USD) lower with liraglutide than with sitagliptin to reach glycated hemoglobin (HbA1c) \ 7.0% with no hypoglycemia or weight gain, and liraglutide was shown to be more cost-effective than sitagliptin after 5 years of use [14, 15] .
Many studies have investigated the effectiveness of liraglutide outside the controlled settings of clinical trials, with recent attention paid to the long-term use of the therapy [16] . A 2-year prospective study of routine clinical practice in France found liraglutide to be as effective as observed in clinical trials [17] . However, the effectiveness of liraglutide and sitagliptin has usually been compared in a 6-month treatment period [18] [19] [20] [21] . Effectiveness for a longer duration has only been examined in a 1-year survey conducted in the UK from 2009 to 2011 [22] .
Data on the long-term effectiveness of liraglutide are needed to provide healthcare providers and patients with additional information to support T2DM treatment and management decisions. This study investigated the clinical and cost-effectiveness of liraglutide compared with sitagliptin in the US in a realworld setting for 1 and 2 years of treatment.
METHODS

Data Source
This retrospective observational cohort study utilized data from January 2010 through December 2014 from the Truven Health MarketScan Ò Commercial and Medicare Supplemental Insurance Databases. The databases contain administrative claims and eligibility records for more than 30 million commercially insured individuals (i.e., working-age adults and their dependents) and 3 million enrollees in Medicare supplemental plans. The data represent the healthcare experience of employees, dependents, and retirees with primary or Medicare supplemental coverage through privately insured health plans. Data from the Truven Health MarketScan Ò Lab database, which contains 32.6 million laboratory test results for approximately 1.9 million unique privately insured patients, were linked to each patient's healthcare claims. This article does not contain any studies with human participants or animals performed by any of the authors.
Sample Selection
The study sample included patients with prescription fills of either liraglutide (Victoza Ò ) or sitagliptin (Januvia Ò or Janumet Ò ) between 1 January 2010 and 31 December 2014. The first pharmacy claim for liraglutide or sitagliptin defined the index therapy and the index date. Patients were required to be at least 18 years old at the index date and have continuous medical and pharmacy plan enrollment for at least 6 months prior to (the baseline period) and 12 months after the index date. Patients were excluded if they (1) had a prescription fill of any GLP-1 receptor agonist or any DPP-4 inhibitor during the baseline period or (2) had a diagnosis of type 1 diabetes, secondary diabetes, gestational diabetes, or pregnancy through the baseline period until the end of continuous health plan enrollment. Patients had to have at least one HbA1c measure around the index date (from 45 days prior to 7 days after the index date) and at least one HbA1c measure during the 1-year follow-up (from 45 days post index date to 45 days after the end of the follow-up period).
The study focused on patients who continuously used the index therapy during the follow-up periods (1 and 2 years, respectively) [23] . Patients who stopped using their index treatment for at least 90 consecutive days without a prescription fill were considered to have discontinued treatment [19] . Patients with any use of the competing therapy (i.e., sitagliptin for the liraglutide cohort and vice versa) during the follow-up period were excluded.
Study Measures
Patient characteristics included demographics measured at the index date (age, gender, geographic region, health plan type, and year of treatment initiation), baseline HbA1c (defined as the mean of values observed between 45 days prior to 7 days after the index date), and clinical characteristics measured over the 6-month baseline period: any visit to an endocrinologist; Charlson Comorbidity Index (CCI) [24] ; the occurrence of common diabetes-related complications (i.e., retinopathy, nephropathy, neuropathy) and comorbidities (i.e., cardiovascular diseases, depression, obesity, hypertension, and hyperlipidemia) identified via the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes [25] ; and use of anti-diabetic drugs.
This study examined the following glycemic control endpoints: absolute reduction in HbA1c from baseline; reductions in HbA1c of C 1%-points and C 2%-points; and HbA1c goal attainment (\ 6.5% and \ 7%). The glycemic control endpoints were measured at the end of each quarter during the 1st year of persistent use of the index therapies, where the quarterly follow-up HbA1c was the mean value in the 45-day window at the end of a quarter. Quarterly HbA1c was also measured during the 2nd year of persistent use among the subgroup of patients continuously enrolled in their health plan and persistently used their index therapy without competing drugs for at least 2 years. Annual healthcare costs during the 1st and 2nd year of persistent use of the index therapy were examined. Annual all-cause costs were measured by medical and pharmacy claims paid by patients and insurers. Diabetes-related costs were identified by ICD-9-CM diagnosis codes (250.xx) on medical claims and by anti-diabetic drug types from pharmacy claims. All costs were adjusted to the 2016 value based on the Consumer Price Index Medical Component [26] .
Statistical Analysis
The study measures were compared between treatment groups using Student's t test for continuous variables and the chi-square test for categorical variables. Generalized linear model (GLM) regressions, specific to the outcome distribution, were used to assess the adjusted association between the index therapy (liraglutide or sitagliptin) and the outcomes.
Ordinary least squares regression was used to assess the relationship between the index therapy and quarterly measures of absolute HbA1c reductions from baseline during the 1st and 2nd year of persistent use. Logistic regression was used for the quarterly measures of HbA1c reductions of C 1%-and C 2%-points and HbA1c goal attainment. A generalized estimating equation (GEE) approach was incorporated to account for multiple observations per individual. The regression adjusted for patient demographic characteristics, baseline HbA1c and other baseline clinical characteristics, and time-varying covariates (any use of other noninsulin anti-diabetic medications and any use of insulin in each quarter).
The coefficients on liraglutide versus sitagliptin were reported, including the direct impact on absolute HbA1c reduction from baseline, and the odds ratio (OR) for HbA1c reduction of C 1%-and C 2%-points and HbA1c goal attainment. Based on the regression results, the differences in quarterly glycemic control endpoints associated with liraglutide versus sitagliptin (i.e., marginal effects) were estimated using the method of recycled predictions, where the adjusted outcomes were predicted for each patient in the sample by assuming liraglutide or sitagliptin as the index therapy, respectively [27] .
The annual healthcare costs during the persistent use of index therapy were analyzed by GLM with log link and gamma distribution. The regressions were adjusted for patient demographic characteristics and the following baseline covariates: HbA1c, other clinical characteristics, drug use, and total healthcare costs (all cause or diabetes related). The cost regressions for the 2nd year of persistent use of the index therapy were also adjusted for drug use during the 1st year of follow-up. The ratio of costs associated with liraglutide versus sitagliptin was generated from the regression. The method of recycled predictions was used to estimate differences in costs between liraglutide and sitagliptin users.
RESULTS
The study sample included 3113 patients (493 in the liraglutide cohort and 2620 in the sitagliptin cohort) who had persistently used the index therapy for at least 12 months after applying inclusion/exclusion criteria (Fig. 1) . The characteristics of patients in the liraglutide cohort differed from those in the sitagliptin cohort in many aspects (Table 1) . Liraglutide users were younger [mean age (standard deviation, SD): 53 (8.5) years vs. 56 (9.7) years], less likely to be male (48.3% vs. 62.3%), more likely to live in the South, and more likely to be enrolled in health plans covering out-of-network services (all p \ 0.05). In addition, liraglutide users were more likely to visit endocrinologists, use insulin, and have a diagnosis of obesity or hypertension during the baseline period (all p \ 0.05). Baseline HbA1c was similar between the cohorts [8.1 (1.7) % vs. 8.2 (1.7) %; p C 0.05]. The mean HbA1c reduction among liraglutide users during follow-up ranged from 1.2 (%-point) in quarter 1 to 0.9 in quarter 8; reductions ranged from 0.9 to 0.4 among sitagliptin users (Table 2) . Baseline pharmacy costs were higher in the liraglutide group than the sitagliptin group before starting index therapy (Table 1) . Medical costs were also higher at baseline for the liraglutide group; however, differences were not statistically significant.
After adjustment for covariates, use of liraglutide was associated with a higher reduction in HbA1c from baseline in all quarters during the 1st year of follow-up, as reflected by the positive coefficients (all p \ 0.05; Table 3 ). Specifically, the larger reduction in HbA1c associated with the use of liraglutide versus sitagliptin was estimated to range from 0.34 (%-point) [95% confidence interval (CI) 0.23, 0.45] in quarter 1 to 0.21 (95% CI 0.07, 0.35) in quarter 4. The use of liraglutide was also associated with a higher likelihood of obtaining an HbA1c reduction of C 1%-points [ORs ranging from 1.47 to 2.37] and reductions of C 2%-points (ORs ranging from 1.67 to 2.04; all p \ 0.05). Lastly, the use of liraglutide was associated with a higher likelihood of attaining HbA1c goals: with ORs around 2 of achieving HbA1c \ 6.5% and around 1.6 of achieving HbA1c \ 7% in all quarters (all p \ 0.05). Among the patients with at least 2 years of persistent use of the index therapy, the use of liraglutide was associated with a higher reduction in HbA1c in all quarters during the 2nd year of follow-up as well as with a higher chance of an HbA1c reduction of C 1%-points (except for quarter 6), of achieving HbA1c \ 6.5% (except for quarter 6), and of achieving HbA1c \ 7% (in quarter 5) (all p \ 0.05). The small sample size was insufficient to estimate the association between HbA1c reduction C 2%-point and persistent use of index therapy during the 2nd year of follow-up.
Adjusted outcomes and the marginal effects of liraglutide versus sitagliptin were calculated (Figs. 2, 3 ). The marginal effects on HbA1c reductions from baseline were the same as the regression coefficients due to the model specification. For the other endpoints, 13.4% more patients (48.1% vs. 34.7%, p \ 0.05) would obtain HbA1c reduction C 1%-point and 4.4% more (21.9% vs. 17.5%, p \ 0.05) would obtain HbA1c reduction C 2%-point in quarter 1 if they used liraglutide rather than sitagliptin, and 10.4% more (34.5% vs. 24.1%, p \ 0.05) or 10.5% more (57.4% vs. 46.9%, p \ 0.05) patients would reach an HbA1c goal of \ 6.5% or \ 7.0% in quarter 1, respectively (all p \ 0.05).
The marginal effects were stable across all quarters during the 1st year of persistent medication use, while more variation was observed during the 2nd year of persistent medication use.
The unadjusted and adjusted predicted costs for each cohort, along with the cost ratios, for the 1st and 2nd years of persistent treatment are presented in Table 4 . The adjusted total and medical costs in each cohort and year of followup are also illustrated in Fig. 4 . In the 1st year, there was no difference in medical costs between persistent users of liraglutide and sitagliptin. The liraglutide cohort had higher total costs (both all cause and diabetes related) than the sitagliptin cohort due to the higher pharmacy costs (p \ 0.05). During the 2nd year of persistent drug use, all-cause medical costs were 33% lower for liraglutide patients than sitagliptin patients (adjusted cost ratio 0.67, 95% CI 0.50, 0.89), resulting in a savings of $2674 per patient (adjusted costs: $5410 vs. $8084, 
DISCUSSION
This study extends previous studies by providing integrated evidence on the long-term clinical and cost-effectiveness of treatment with liraglutide versus sitagliptin in real-world clinical practice in the US. Even after adjusting for baseline patient characteristics and the use of antidiabetic medications during follow-up, we found that patients persistently using liraglutide for 1 or 2 years experienced improved glycemic control (in terms of higher reduction of HbA1c from baseline, higher likelihood to reach high reduction in HbA1c, and higher likelihood to reach HbA1c target levels) compared with those using sitagliptin. Patients in both cohorts incurred similar medical costs during the 1st year of medication use, while during the 2nd year, liraglutide users had significantly lower all-cause medical costs, which offset their higher pharmacy costs than sitagliptin users.
The 6-month clinical effectiveness of liraglutide in this study is similar to previously published data. Compared with sitagliptin, use of liraglutide has been found to be associated with 0.31-0.41 (%-point) greater reduction of HbA1c from baseline, an 8-15% greater chance to reach HbA1c \ 7%, and an 11% greater chance to reach A1C B 6.5% after 6 months since treatment initiation [18, 19] , and these were reflected by $994 (2013 US dollar) lower diabetes-related medical costs during the 6 months of follow-up (all p \ 0.05) [19] .
Trends of clinical effectiveness over 2 years of medication use continued to be favorable for liraglutide versus sitagliptin, as found in our study. Specifically, the difference in HbA1c reduction between the two treatments was highest after 3 months of medication use and then stabilized for the remainder of the year; no obvious trend was observed in the effectiveness in terms of likelihood to obtain high HbA1c reduction or reach HbA1c goals in the 1st year of follow-up. During the 2nd year of medication use, there was much more variation over time in the clinical effectiveness of liraglutide versus sitagliptin, possibly because of the small sample size (liraglutide cohort: N = 113; sitagliptin cohort: N = 798); nevertheless, the clinical effectiveness of liraglutide remained stable.
The improved glycemic control associated with liraglutide relative to sitagliptin led to cost Table 2 Unadjusted glycemic control during persistent use of liraglutide or sitagliptin
In the 1st-year persistent use of liraglutide or sitagliptin All regressions were adjusted for baseline characteristics (demographics, clinical characteristics, and drug use) and time-varying covariates (any use of other noninsulin anti-diabetic medications and any use of insulin in each quarter) The regression could not generate consistent estimates because of the small HbA1c sample size savings, especially for patients treated for longer than 1 year. The findings on the costs during the 2nd year of persistent treatment may be obscured because of the small sample size and large variation in healthcare costs. Thus, a post hoc analysis was conducted on annual costs after the 1st year of persistent use of the index therapy among patients who did not necessarily have persistent use of index therapy during the 2nd year after treatment initiation. The results from the post hoc analysis showed that after 1 year of persistent treatment, medical costs (both diabetes related and all cause) were significantly lower in the liraglutide cohort (Supplementary Appendix Table 6 ). Further, no difference between the cohorts was found in the annual costs for diabetes-related healthcare, and the annual all-cause healthcare costs were significantly lower for the liraglutide cohort. The summary statistics of healthcare resource utilization (see Supplementary Appendix Table 5 groups were observed in other healthcare resource utilization. These findings suggest that hospitalization and emergency room visits may be the main drivers of cost savings associated with liraglutide, and further research is warranted to investigate this hypothesis.
The lower medical costs in the liraglutide cohort compared with sitagliptin during the 2nd year of persistent treatment were statistically significant for all-cause healthcare services, but not for diabetes-related services. This may reflect the nonglycemic benefits of liraglutide (including weight loss and reduced risks of CV events), while sitagliptin had neutral effects [5] . The finding also suggests that better glycemic control can improve a patient's overall health.
Our analyses adjusted for many potential confounding factors including demographics, baseline clinical characteristics, baseline healthcare costs, and the use of antidiabetic agents during the follow-up period. During the 1st year of persistent medication use, more than 80% of the patients used oral antidiabetic medications (mostly metformin) in conjunction with liraglutide or sitagliptin. Patients in the liraglutide cohort were more likely to use insulin than those in the sitagliptin cohort during both the baseline and follow-up periods (p \ 0.05; results not shown), but the need for add-on insulin increased more quickly in the sitagliptin cohort. Specifically, the percentages of patients using insulin in the liraglutide cohort versus the sitagliptin cohort were 19.5% vs. 6.7% in the 6-month baseline period and 21.5% vs. 11% in the 1st year of follow-up. This may indicate that liraglutide was more successful in reaching the treatment goal and/or patient satisfaction and thus was associated with less need to intensify treatment with insulin.
The results of this study should be interpreted with consideration of the limitations associated with studies based on administrative claims data. First, due to the nonexperimental nature of the data and the study design, this study does not allow for causal inferences; unmeasured confounders such as prescription bias may influence the results. Our study considered a wide range of covariates, including socio-demographic and clinical measures, to 
CONCLUSION
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